Abstract: A series of 5-(3-and 4-substituted phenylazo)-4,6-dimethyl-3-cyano-2-pyridones were synthesized, starting from acetylacetone and arenediazonium salt, followed by condensation with cyanoacetamide using a modified literature procedure. The experimental investigation included modification of the synthetic procedure in terms of solvent, temperature, isolation techniques as well as purification and identification of the products. The azo dyes were characterized by melting point, IR, UV/Vis, 1 H NMR and MS data. HPLC analyses were also performed. The 2-hydroxypyridine/2-pyridone tautomeric equilibration was found to depend on the polarity of the applied solvents. A colour assessment of the solid dyes and dyed polyester fabrics was also performed and the correlation between the colour and the structure of the dyes is discussed.
INTRODUCTION
The arylazo pyridone dyes are a very important class of colorants. The success of azo colorants is due to the simplicity of their synthesis by diazotization and azo coupling, to the almost innumerable possibilities presented by variation of the diazo compounds and the coupling components, to their generally high molar extinction coefficient, and to their medium to high light and wet fastness properties. 1 A series of azo dyes was derived from pyridone as the coupling component and various diazonium salts. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Arylazo dyes containing the pyridone ring were also prepared from b-diketones and arylhydrazones followed by condensation with cyanoacetamide. 12 The absorption of these monoazo dyes was limited to the spectral region between green-yellow and orange. A few of the pyridone azo dyes had a deep colour such as red or violet. The physico-chemical properties of arylazo pyridone dyes are closely related to their tautomerism. Several investigations on substituted arylazo pyridones were carried out and reviewed. 2, 3, 13 It was concluded that the equilibrium between the two tautomers is influenced by the structure of the compounds and the solvents used.
In this work, ten 5-(3-and 4-substituted phenylazo)-4,6-dimethyl-3-cyano-2-pyridones ( Fig. 1 , structure I) were synthesized by a modified literature procedure, starting from acetylacetone and an arenediazonium salt and then condensation with cyanoacetamide, in very good yield and excellent purity. It was shown that 2-hydroxypyridine/2-pyridone tautomerism in these dyes occurred. A colour assessment of the solid dyes and dyed polyester fabrics was also carried out.
RESULTS AND DISCUSSION

Synthesis
All of the investigated azo pyridone dyes were synthesized by the diazotisation-coupling reaction, as shown in Scheme 1. In this procedure acetylacetone was coupled with diazotised substituted aniline to give an intermediate (3-(substituted phenylazo)-2,4-pentanedione), which was then cyclized with cyanoacetamide to yield a pyridone azo dye. Eight of the synthesized pyridone azo dyes are new compounds and only 5-phenylazo-4,6-dimethyl-3-cyano-2-pyridone and 5-(4-chlorophenylazo)-4,6-dimethyl-3-cyano-2-pyridone were previously synthesized by the same method. 12 The chemical structure and the purity of the obtained compounds were confirmed by their melting points, IR, UV/Vis, 1 H NMR and MS data. HPLC analyses were also performed. The characteristics of the synthesized pyridone azo dyes are given in Tables I -III. The arylazo pyridone dyes prepared in this study may exist in two tautomeric forms (Fig. 1) . The infrared spectra of all the synthesized dyes (Table II) showed   436 MIJIN et al. Fig. 1 . The equilibrium between the 2-pyridone form (I) and 2-hydroxypyridine form (II) of the 5-(3-and 4-substituted phenylazo)-4,6-dimethyl-3-cyano-2-pyridones (X as given in Table I ).
the absence of a carbonyl band but an intense hydroxyl band in the region 3425-3553 cm -1 , suggesting that these compounds exist predomanantly in the 2-hydroxypyridine tautomeric form in the solid state. The 1 H NMR spectra of studied dyes exibit two signals for methyl groups in the range d = 2.20 -2.60 ppm also corresponding to the enol form. 14 
UV-Vis absorption spectra
The ultraviolet absorption maxima (l max ) of the electronic transitions involving the free non-bonding electrons of the azo group of the 5-(3-and 4-substituted phenylazo)-4,6-dimethyl-3-cyano-2-pyridones and the molecular extinction coefficients (e max ) in six solvents are given in Table III . The spectra were run in spectroquality solvents (Fluka) using concentrations of 5´10 -5 M. The data in Table III confirm that the positions of the ultraviolet absorption maxima depend on the nature of the substituents of the diazo component. Introduction of a substituent into the diazo component predominantly leads to a bathochromic shift of the long-wavelength absorption maximum as compared to that of the unsubstituted dye. The stronger was the electron-withdrawing effect of substituents, the more bathochromic was the shift of the absorption maximum of the dye.
From the data given in Table III it can be seen that the trend of the shift of the UV absorption maxima of investigated compounds was identical in all the employed solvents. The visible absorption spectra of the dyes were found to exhibit a strong dependence on the solvent. It was observed (Table III , Fig. 2 ) that although in methanol, ethanol, chloroform and dioxane the absorption spectra of the dyes did not change significantly, the l max of the dyes shifted considerably in N,N-dimethylformamide (DMF) and dimethyl sulfoxide (DMSO) and showed the existence of two tautomers. A consideration of the equilibrium between the 2-pyridone and 2-hydroxypyridine tautomeric forms 15, 16 in solvents of varying polarity indicated the equilibrium shifts towards the pyridine form with increasing solvent polarity. 17 This form is more dipolar than the hydroxy form due to a contribution of the charge-separated mesomeric form . The present results are in agreement with this explanation. Furthermore, the hydrogen-bonding ability of the solvent plays an important role since hydrogen-bond donors tend to stabilize the oxo form (I), whereas hydrogen-bond acceptors stabilize the hydroxy form (II).
The results obtained in this study show that the oxo form of the 5-(3-and 4-substituted phenylazo)-4,6-dimethyl-3-cyano-2-pyridones exists in methanol, 
Colour assessments
Colour of the synthesized dyes in the solid form. The CIELAB coordinates of the synthesized pyridone dyes in the solid form are given in Table IV . Although all the investigated dyes show a yellow hue, a comparison of the L * , a * , b * values indicates that the synthesized dyes differ in colour. The lightness (L * ) of the solid dyes ranges from 40.68 to 66.66. Dyes with a stronger electron acceptor group, such as nitro and acetyl group in the para position are less red (lower values of a * ) and less yellow (lower values of b * ) compared to the other dyes from this series. Weaker electron acceptors in para position import redder and yellower colour to the dyes. Substituents in the meta position have only a slight influence on the colour of the solid dyes (Fig. 3) . Colour of dyed polyester fabric. The CIELAB coordinates of the synthesized pyridone dyes on polyester fabric are shown in Table V . The hue values (h * ) range from 80.00 to 88.38, indicating the yellow colour of all the investigated dyes. The variation of substituents insignificantly affects the lightness of the dyes on polyester fabric. However, dyes with a -Cl group in the meta or para position, which show darker and lighter colour, respectively, are exceptions. The chroma values (C * ) of dyes with substituents in the para position are considerably lower compared to the other dyes. In addition, consideration of the a * and b * parameters revealed that groups in para position imply a less yellow colour. The parameter a * increased in the following order: 4-CN>4-NO 2 >4-Ac>4-Cl, indicating a redder colour of the dyed polyester fabrics. It can be observed in Fig. 4 that the points corresponding to dyes with substituents in the meta position are quite scattered, showing a significant increase of the b * parameter compared to dyes with substituents in para position on polyester fabrics. However, most of the dyes with substituents in meta position are similarly coloured, i.e., the a * and b * parameters are in the narrow range from 4.14-4.91 and 42.94-52.46, respectively. The exceptions are dyes with 3-Cl and 3-Et groups which are more yellow and particularly more red in comparison with all the other investigated dyes. Eight new 5-(3-and 4-substituted phenylazo)-4,6-dimethyl-3-cyano-2-pyridones were synthesized by a modified procedure, starting from acetylacetone and an arenediazonium salt which was then followed by condensation with cyanoacetamide, in very good yields and excellent purities.
These dyes exist in the 2-hydroxypyridine tautomeric form in the solid state and in the solvent DMSO-d 6 . The visible absorption spectra of the dyes were found to exhibit a strong solvent dependence which did not show a regular variation with the dielectric constant of the solvent. The results show that the 2-pyridone form of 5-(3-and 4-substituted phenylazo)-4,6-dimethyl-3-cyano-2-pyridones exists in methanol, ethanol, dioxane and chloroform, while in solvents of high basicities and high relative permittivity (DMF and DMSO) the dyes predominantly exist in the hydroxy form. These dyes could be potentially suitable for the dyeing of polyester fabric, giving yellow hues.
EXPERIMENTAL
Equipments
The IR spectra were recorded on a Bomem FTIR spectrophotometer, MB series in the form of KBr pellets. The 1 H NMR spectra were recorded as solutions in DMSO-d 6 using a Varian Gemini-200 instrument, with tetramethylsilane as the internal standard. The mass spectra were recorded on a Micromass Platform II spectrometer. The UV-Vis absorption spectra were taken in the region between 200-600 nm using a Secoman Anthelie 2 Advanced spectrophotometer in 1.00 cm cells at 25 ± 0.1 ºC. The HPLC analyses were performed on a Hewlett-Packard 1100 MSD. Dyeing was performed using a Mathis Polycolor P laboratory dyeing machine (Werner Mathis AG, Switzerland). The colour parameters were measured using a Spectraflash SF 300 (Datacolour International, USA).
Materials
All used material were obtained from Fluka and were used without further purification.
Synthesis of 5-(3-and 4-substituted phenylazo)-4,6-dimethyl-3-cyano-2-pyridones
The procedure was taken from ref. 12 and modified: To a solution of acetylacetone (0.01 mol) in 30 ml of ethanol, sodium acetate (3.0 g) was added. The mixture was cooled to 0 ºC for 10 min and a cooled solution of arenediazonium chloride (prepared from 0.01 mol of amine and the appropriate quantities of HCl and NaNO 2 ) 18 was added under stirring. The stirring was continued for one hour after which the solid was collected, washed with 2´10 ml of water and 2´10 ml of ethanol, and dried in the air.
The obtained product (0.01 mol) was dissolved in 30 ml of ethanol and added to a mixture of 0.01 mol of sodium ethoxide and 0.01 mol of cyanoacetamide. A few drops of piperidine were then TABLE V. Continued added. The mixture was mixed and refluxed at 80 ºC for 3 h. The resulting solid product was collected by filtration and washed with 2´10 ml of water and 2´10 ml ethanol. The obtained crystals were then crystallized from N,N-dimethylformamide.
Colour assessment
Solid dyes. The colour parameters of the solid dyes (D65 illumination, 10º observer) were determined using a Spectraflash SF 300 (Datacolour International, USA). The solid dyes were prepared in the form of tablets using a standard IR press. Dyeing and colour assessment of dyed fabrics. Polyester fabrics were dyed with a 1 % o.w.f. disperse dye in the presence of 0.5 g/L of the levelling agent Egasol SP (Bezema, Switzerland) and 1 g/L of the dispersing agent CHT Dispergator SMS (Bezema, Switzerland). Dyeing was performed in 150 ml stainless steel dye pots using a Mathis Polycolor P (Werner Mathis AG, Switzerland) laboratory dyeing machine, at a liquor-to-material ratio of 20 : 1. The dyeing procedure is shown in Fig. 5 . Previously wetted samples were placed in the bath containing the levelling and dispersing agents. The temperature was raised at 2 ºC/min to 60 ºC, where it was held for 10 min. The dye was then added and the pH of the bath was adjusted to 4 -5 with acetic acid (10 %). The temperature was then raised at 2 ºC/min to 130 ºC. After 2 h of dyeing at 130°C, the solution was rapidly cooled at 5 ºC/min to 60 ºC. The fabrics were rinsed in cold tap water and washed for 15 min at 80 ºC in a bath containing 2 g/L NaDBS and 1 g/L Na 2 CO 3 at a liquor-to-material ratio of 50 : 1. Subsequently, the samples were thoroughly rinsed in tap water and dried at room temperature. The colour parameters were measured (D 65 illuminant, 10º observer) using a Spectraflash SF 300 (Datacolor International, USA). raturama topqewa, IR, UV/Vis, 1 H NMR i MS podacima.^isto}a dobijenih boja ispitivana je HPLC metodom. Utvr|eno je da ravnote`a 2-hidroksipiridin/2-piridon zavisi od polarnosti rastvara~a. Odre|eni su parametri obojewa poliestarskih tkanina bojenih sintetisanim azo bojama. Tako|e je ispitivana i obojenost azo boja u~vrstom obliku. (Primqeno 3. marta 2005) 
